Concepts of QSAR analysis and biological similarity models are combined for use in extrapolation of LD.0 values after IP application of a series of aliphatic alcohols (C,-C,) to mouse, hamster, rat, and guinea pig and rabbit. It has been found that although close correlation exists between LD50 values after IP and IV applications for mouse and rat, the QSARs obtained with LD,0 after IV application are not suitable for a prediction of LD!, values after IP application for rabbit. Different transformation or distribution processes in mouse, rat, and rabbit after the two types of applications might be the reason.
Introduction
An enormous effort has been devoted to solving the problem how to extrapolate data obtained on one animal to another animal or even to man. The results of a number of tests on biological models and experimental animals are extrapolated to man mostly taking into account relative differences in body weight or in body surface on the supposition that man reacts similarly to the model.
For a description of differences in physiological functions among various species, empirical allometric equations were suggested based on a biological similarity model (1) (2) (3) (4) . The toxic responses of several toxicants studied as a quantitative function of body weight within one animal species demonstrate that weight may be used for the *Institute of Hygiene and Epidemiology, 100 42 Praha 10, Czechoslovakia.
Research Institute for Pharmacy and Biochemistry, 130 60 Praha 3, Czechoslovakia extrapolation of data on toxic tests from one size animal to another size (5) . It was reported (6, 7) that the relationship between response and dose can be best expressed when the independent variable is plotted as a total amount given each animal. Other investigators advocated that the dose should be corrected by a two-thirds power of body weight ("surface area factor"). This factor proved to be useful, e.g., for a prediction of lethal toxicity of antineoplastic agents for different size animals not only within, but also among several mammalian species (8) .
The following equation is in accordance with the proposition (9) to relate dosage to an exponent of body weight that need not be necessarily two-thirds:
Y= a+ b log MIWh (1) where Y is survival time after dosage M of sodium arsenate ingested by silkworm larvae of different size and development, W represents some measure of body size, h an exponent that can be defined as a ratio of regression slopes of the relationships between the response and the quantities of dose and body weight (9) . Equation (2) represents the customarily used formula:
log C=log a+b log W (2) showing a linear relationship between log of body weight (W) and LD50 or LC50 (C). Antilog form of Equation (2) C=aWb (3) resembles the allometric formulae of Huxley (3) . It supports the idea that the allometric formulae can be used not only to describe a quantitative relationship between body weight and rates of physiological processes or anatomical structures, but also pharmacological or toxicological activities (10) (11) (12) . The usefulness of the allometric Equation (2) as a mode of depicting LD50 or LC50 values has been shown over a wide range of various animals (5). Nevertheless, the extrapolations are often quite empirical on the basis of analogies and experiences with similar compounds.
The idea of expressing the relationship between a xenobiotic toxic activity and body weight, as a parameter of an animal species, might be comparable with that originating with the hypothesis leading to the formulation of QSAR, i.e., to the formulation of quantitative approaches to biological activity-chemical structure relationships (13) (14) (15) (16) (17) . The ideas on which the QSAR analysis are based suggest that both approaches, i.e., QSAR analysis and the analysis using allometric equations, may be combined for the extrapolation of data on biological tests among compounds and animal species (11, 12) . It means that a quantitatively expressible relationship between xenobiotic toxic activity and "structure" of both the xenobiotic and the animal species can be expected: log BAT, = kij + lij log Xi (4) log BAi, = aj + bi log Zj (5) or another form of the equations, where BAi, denotes an activity of a xenobiotic i on a biological object j, Xi a structural characteristic X of the xenobiotic i (e.g., noctanol/water or oil/air partition coefficient, quantum chemical indices, molecular connectivity, etc.), ZJ a parameter Z of the biological object j (e.g.,, body weight, body surface, a metabolic activity, distribution volumes, etc.) (11, 12 
Alcohols Applied
Methanol, ethanol, n-propanol, isopropanol, n-butanol, isobutanol, sec-butanol and n-pentanol, analytical grade, checked by gas chromatography to have less than 1% impurities, were dosed in aqueous solutions. Higher alcohols, heptanols and octanols, which are poorly soluble in water, were not used for the study because of less reproducible doses as their aqueous suspensions. (18) (19) (20) . In some cases the number of animals used for the determination was too small for using the graphic probit method. Then, an approximate interval LDO-LD,00 was found and LDO taken as an arithmetical mean of the LDO-LD100 interval, which was considered as the 95%
confidence interval (guinea pigs, rabbits).
The LD,, values determined in mL of 100% alcohol/kg of body weight were converted to mmole/kg or to mmole/ m' of body surface using the constants given in Table 1 .
Pooling of data from individual experiments was carried out using the method of weighted means in cases where no significant differences among them were found by using the X2-test (e.g., no dependence of LD50 on concentrations applied, etc.)
Statistical Evaluation
An agreement or a difference between the experimental characteristics (LD50) was tested by X2-test estimating the variances of log LD50 from their 95% confidence interval, among regression equations by X2-test using the estimated covariance matrices of regression coefficients.
The regression equations between experimental characteristics were computed by the weighted least-squares method considering the fact that both variables are due to an error of known quantity (variance of the characteristics). The goodness of fit was tested by X2-test. When the deviations from a predicted line were significant, the variances of estimated regression coefficients were adjusted by the heterogeneity factor. The significance of regression coefficients was tested by the t-test using the adjusted variance.
Molecular Connectivity Indices
Molecular connectivities of the zero order,°X, and of the first order, 1X, were calculated by a common way proposed by Randic (22) and modified by Kier and Hall (23) 
Results mates for the individual cases, they were included in one weighted average with its estimated 95% confidence interval (Table 4 , the second line of data and Fig. 1) . Their values given in mmole/kg of body weight are summarized in Table 3 (Table 4 , the second line in the column, "Rabbit") for mouse, rat, hamster, and guinea pig. In Table 3 containing the primary set of experimental LD50 values, the estimates for rabbit are given as their averages.
Discussion
The results summarized in Tables 3, 4 , 6, and 7 support the suggestion that QSAR analysis can be helpful in an extrapolation of toxic indices among various animal species. Several ways for extrapolation of LD50 values of aliphatic alcohols after IP application have been followed: use of a similarity between regression equations describing a relation between log LD50 (mmole/m2) and molecular connectivity 'X after both types of application used (IP and IV) for animals studied (mouse, rat, and hamster); use of a similarity of intercorrelations between LD., values of various species after IP and IV applications; to employ LD50 after IV application using intercorrelations between LD,0 values obtained after IV and IP applications; to employ allometric equations, i.e., to find a relation between log LD50 (IP) and a characteristic parameter of animal species. Tables 7 and 8 (Table 4) are plotted for individual aliphatic alcohols: (1) methanol, (2) ethanol, (3) isopropanol, (4) n-propanol, (5) isobutanol, (6) sec-butanol; (7) n-butanol, (8) n-pentanol (the alcohols are arranged according to increasing length of their carbon chains). The short vertical abscissas represent 95% confidence interval of the data. Table 6 . Constants of regression equations correlating log LDI),4(mmole/m2) after IP applicatio n with log LD. (Table 8) , estimates of LD50 (mmole/m2, IP) for rabbit were too high, e.g., as high as about 40 mL/kg of MeOH or 5 to 6 mL/kg of n-PrOH. Table 6 indicates a similarity between the regression equations describing the relationships between log LD50 (mmole/m2) and molecular connectivity 'X after IP and IV applications for mouse and rat, the constant a being higher by about 0.4 log units in the case of IP application,. Applying this to the rabbit (after IV application, the last line of (Table 6 ).
Using the hypothesis published earlier (11, 12) (Eqs. 4 and 5) , it is possible to conclude from the study of this system of alcohols, animals and LD,0 (mmole/m2, IP) that: the constant bi is not dependent on chemical structure of alcohols, being close to zero; the constant ai is a linear function of molecular connectivity 1X (close to -0.78 1x + 3.56); the constants lj and k, are not dependent on the parameter used for the description of animal species, i.e., body surface: body weight ratio being 1, = -0.78, kj = 3.56.
This rather simple example points out advantages of the QSASR hypothesis suggested earlier (11, 12) , but a large number of difficultly obtainable experimental results necessary for a construction of the model remains, however, an unpleasant disadvantage. A determination of additional LD50 values is necessary to prove that the model is valid in the whole scale of the system chosen.
This study also indicates that the expression of the magnitude of toxic effects in units of mmole/m2 might often be more helpful than that expressed in mmole/kg units.
